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100031 WtiC.is's'i^'f nn^Sulartoti haN )^'$ao> a^viint^grs over \it>gu- v\*mci modi>!Mi>i!i 
Tha^o ?vK,xn;j|;^'N >scl«*ie fot e\a.mpk. a higher *msB»mty to unpuHo uobc Cv Jo^s.c^ 



modutatjoo Is bcmg as€<l m rmny apptscstiops lo obtam then- as weil as, for 

applk^yoiis include AsvmsBcmc Di^n^ SubsefiberLine {ADSL} 
s LAN systems, p<*v^cr Urn commmk&ixm% sy&tetm, and other 
.-5>% ,ouoos rvv siaaAifiK G.^*92J aed G *)92.2 and the ANKITl 41 ^ Martd^jx! spt?cjf> 

((HH-Mj Discrete iniilutojie n^<?U«!a«os> iiaosa-wers sioUulate ^ number ot hn:> CACh 
MJbehaiwI. the number «f bits depending m the Signal lu K^^se Katio (SNR> of that 
mhch^nxid ana Bn Em^r R>ate (BER> reqnirsmem of 4 Imk Fm <.mph, d" the 
tx^quired BER 1 ?i. 10*^, j c . oj^e bn m k^n oulhoo 5S a'ccived m mot on avctage, md the 



SNR Ufa pamcukf «ub£'h<5ii»«?l 0.215 fhat s^ubchai^wl e.^« moa«laJ? 4 bits, j^ujcc 

2 ! .5 dB b the tequiied SNfR io trAimmt 4 QAM bits mth & I % 10'' BKR. Other 
s«hs.>h8MK>l? ctixi have & dtfceM SNR md ihensfe may have a diffefeui tmmbst ofhxt^ 
^Uocm^S 10 them &t the 'same 8BsH. Adaitaonal informauou rsgar^lmg Nt Ming vm 

of b^tc? *Ukx\aod to c<ich »«bch;i««s'1 This p.^raf$is.Hco is caUc4 the JiNR '-margin," s^nipty 
the ''mmfm:' The m&tpn *ipentws. .as extj^ SNR per smbchansei, tn a^dditiotx te 
requited to maintain ihe 3<pedfied BER re<|«irenierst As^ an txm^lti. & DKIT s>sm» \% Jii^ a 
6 dS margin wouid reqaifg a 31-5-^6^27,5 US vSMR oj^ a subchasisiel in «TiJtjr to tratismit 4 
bus on that ?5iK??uF!nci ^ith & UIO^ BER, Thn is f^dS more th{ji5 rcq^iral by the cxampk 
in the pse% sous p&isgKtph because now a 6 dB margtn is ac!<fcd the sy^^em A,ns>fh?r ay 
of botejg at this ttiai m the e.xampk of the pi«vioUiJ psragrapfe. vvhere 4 btts wef« 
allocatea to a subchaitnel ^vhh 2hS m SNR, the marg*« was 0 m 

[OtHKjl D>'T SiUiS^.t-j'vti^ use iiusjij^j to 3i1e(e.^5^f tbo !;>j*.oa-^'<i \m usottv t < canons 
type*, of tifTve varjij^g !impa?rratfnt.v. Examples of these mjpainmH^ u> DSL systems ate 
changes m the lev^jis af crosks^alk from other tra«smt«ision )SjStem&, mipuktS mm, 
tctnpemture changes in the telephone h«e, or the Itke, Whejs a DMT system i^ ope^att^^^ 
v^-ith a posttive SMR margm, the ftos^e can eh&nge m&tamaocotif;l> by the le%e^ ^^f the vcK<\r^in 
and tiie system wiil stiil majtuaiti the t^equked BER, For exatKpk, tf the system is opemmg 
at sj 6 dB mrgm. e.g., 4 hits, jxr; allocated to carriefs 27.5 dB SNR for BER^-KIO'", the 
cios-^atK oan km\ise hy o dB wtid the s\si«rm wsU sttll be invf.;n?iL i^Nt ns^U'f<rd 
K iC " BFR t>bvbmsl> the per«idt^ far thK taetxase m robustness js <i di;or^<i^>e Ji) the iata 
u c s no V if-, 0 dB margm. a subchannel with Z13 dB SNR can modaht^ t> buv »i 

|0O0Tj TherefMV, there iv« a tmdeoffheivt-een the jobust«e<.&. oi the ch<j>^ocl >ii<.h a-^ 
ph^^ne hoc. ami the ach^esable data rate. The nwgt« can be n^ed to t|U3mify tins, tradeuft, 
4. fepher n\argm ro^ulr^ i« a htgher hn'e! of mimuosty to *:hattguig cbaead coaditsons at rhe 
exov^ <>: ine ,Khjcxabie d,ita rate I ikrwt^e, a kwer usai>!.ST3 te,^ults m a higher data mie at 
r\ e\;--^nvr x>r u iovver immusui^ to changing i<han!Jt'l ros^dttifW"^ 



\i . !v f , ■> < a* > i < <.< '5 dB im on >l| subo^VmnrK '^.n-^, ( > ><,5\ \ ms >■ t^' 

m&cgm t\ r ymg to protm agalnvi 

[00091 For '^mipltcHy of refe«c«, the ^vsiems ri^ethod^ of ihn tmti nm wsll 
tiu^n ^er retu to the trmceivef>s, or Uw&m^r m«d*?ms jr«!sortc JIv as O st 

?5K>«3em s*' tspically locked at a custos ci pa'nvjNe^ '-^«».h .i^ a home .■•r bus - , r^^v ^ 
' ^.Vvv >>Nr-x.<^n!'' *fOf\ cfiHyal office >t'fth v^ hii.\ i vO i n i^^K^k'. rfhcs n >" ^) 

tuosmuses svJvtiOfi K^rtra^^i^miUirudu^ u^da v^^ouvn s<,vu mtpi avoi\^ng^\5 ^ ft* (\ 
rH** vjve f ?ukiiyjie ty|>>-x i e . the mudm tra s^jyjjIS data o\ej '-J muli^p' cn\ cl *svhc^ann<. ^ 
»i UmHed basidwtdth TvpjcsHy, the «pi>iream or \TIT C iE if ansaijij. 4utx* to tbe 

rreqoenc} stsbchstmels, a«d tecen«$dMa imm iha dowmream qr ATU-R mtnlem over » 
1 * su > V \n%.\llt <, set uJ subctoneK v—mn or'- 1 - k <ik n-.y «^tib$,hji«ncR 

^ij^ii i> toim dsi-oeie. iiot> o^cilappi^ig communicatjoj) 5.uhchann>Jh v hich <uv oi h.mi^i 
^^lui'.^jdih CoUects^ iy, ihe camefN fo«n 'ft hat is effect vd> & broadband cotnsTiuntcaufms 
h t ^-^ \i ^ '.er >.*Tid the carn^ n a^e wiuUitK. ' a«d t> <.^<v ^ t<x! o^v ^d 

\mu ^^'^ i X V s es s <. spw-os.x <,ls^tnrb. m c^, u\>m oth«f r d<-<t . xes <. i]-^ M 
pnx)^!sfv vUs < s^^M^v ^ i\ ] ' o '^n^. hkv \k l\ >'^l 

or tbe Uit^ Tho<i<. viisw tim'^s m^5y oorpmenoe ^tttr tbt NSibicoi DSl ^iervjce ss alfeady 



wo (ili/8(>5l» 



..,4.-. 

i'lJkded xifid, ^(Uve DSL iur Istenjet i^esi-v <ncfujNK»neJ a^s a <sUv,t\i; ^ii somcc ^hc vUk^-iis 
of *bese di^^turb^ncv'S vhould be c>>nsit^ered by the subject DSL r^am^et\e? *\dditKw!^) . i^e 
knph of rhe phone hnt Si* » type of nnpairment %hM \ anes iVom >>ne <\DSt ssjsb^cnbeT k> 
stnfsti^er^ $ £■ tfont on< ^DSL m-^talknion to mwhcs ind therefore h.^^ an et?ec? ojx the 

i>Ki\t Si'" !1 v\1< ! > ! liNl<^\ iSO^^I M '* ^ M iS <' V 5h5N 

in |M (iS<.!JU<>! % <.«,u)^nigsnti NOj>tcu>j!i.kwnor h05lu~iiiiC>ttM-.s>Uu mt i..n!n>ci URi-^, 
ditk icjn "Ma^ im be ^asjijgned t^> ««e or mar*; of tiK c^ricrs la » diicmc m«IUtoi^ 

As nmed akn«:. there jn ^ tradtsnt l>etweeB the R^bo\tne»J^ of the Imi and iht? 

^ U M5ne i u xtvuosjs a*. !iieN\*«.1 a* ms> c\pc«NO ol the daia wfc .Sim.a"K ^ h«:e 1 iov-t^r 
nuf^ni n rej»a1j m a higher <tau rste, the immusny to cbsngmg chsmel o^ndn^m js 

iiW 1 4| Ui er setkT>|5 iKe m>xrpn equaJly tor aM subchannels at least £al:> V ic<, 
tm impixirmcu^. ihM chmg'i overtime and how the Impaimieiits rmy hav^? dsfteretit etlccts* 
on Mibch&nnet? djffm freqoencjes For ex^imple, iiempeFattsre chanj*i.s md hn^ length 

Ovle i [.Iknor^ <.'SK-, ih hi! !!< ^ i «i s > ^ 

f^MH?! %Npi\ to Ov rho ^McscA in v(. rU o» jcJ ik* t o.^am s s s% \ v ■> h^n 4% v. 
is^tsrsl ny ot msf gissi 

Aj>|)ects of t}>t. ps^s&M invention also sclales to a meiljod of mm^mng a pfurahty 
of rsMf^ini!. to a commutjscauon'^ vy^itsm 

jOOl"! V^-Cv s i I j-escil •s^v' h id k h i^x^^H <, > \! ? < nihv'Oti 

V'.s e!i^<» {ri^? r)K?ro<\ t^'-OJifo-^m mx.»rfsns ts? b<.» i^s-»E;n«.4 Kuiiixtf^ent \yKh«i^iH'i So 
Mc0U8t i0f mryitig tmpsjrn^ests, 

Tl\'^\t and other tet^turesi arjd advaataga or ihn jnvcjmon otc described m, or stc 
v^pare^nt horn, the ^olitv.tSig vk<>i5te4 deJi,onptu>i> of the *;mk>diTnents 



BRIEF P£SC RIPTION OF THE Pl^BlNOS 

{W2i^ Fig, { js is ftmcuoiisl block dsagum iUustratsng an exctnplarv stioUem iKcoj^mg 
to thss ijfwmsofij and 

«rnux»u?iwni sUi>cii«.nHels whiv;h mh expected to mcur grtf^iier Viinafaoss in mip^tnncns 
le%eL *ir6 set to have a hs^'her margtn, wiseress .viibchsftnels whsch ^ exp«cteil to incur 
l»>«,ei > analH^n* m imp<wnnct^t kvels m& set to have tower m&fgms. As ?\>3mple oi ^hi^ 

consider th^ cms whes^ the jmpasttnent is changing chatitxel coadttiorts Uue so 
temperamt e iluctuaisoiss Siace tekphone mtse is q picaUy umtle out ai copper, ite 
atteauauon, the msert^on io^s., character? sues wsU derseml ou the vei^\pfr>^a3.-x- *he 
V it>i \<< the t<;mjx.i. stare of the wsn jnv5«a'vi^<^, auem?<itv<jr(, ) , rh^^ ^nvm'on K>v\ v 

«t tne lo^<.vf ixcqi.4vj>t,se» Ubk i sH«n%.s ^ conxiktsofu^t hcquciS v 5.0! -^u^ «v\-i.!<.><Uo\*- 
r>t .Ml ex< m|»l&r> ^ 1,^00 ft. 16 AV^G hrte ^ano«s fequctcscs for 70T and UCfF 
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TABLE ii Yniertion loss of B500 f$ 26 AWG tim- vetsus frequency at ?0F atxl I20F 



{0ft23j Fmm Table 1, iUs app^rei?! thai Ote ^Jiffet^nce in insesticf^ ffom i2<fF to 
70*F IS 2> I 3t 20 km, ^'hereas ihn diff&mncs in insertion k>ss fern t2(rF to 7iTF £j! 6 dB 
M 1 1 klfe For this exest^plaiy embodiment, s higher margin could be aUocated to 
cs.iTj&rs at highfjr frequstnci^s and a lower margin ailoc&tsd to c^ners ;h lower ia;quenci&s. 
Fo; £rx«mpk\ ih^ c;xrrier at 20 kHz wM Qt\ly aeed a 2, 1 dS nwgia, because even if the 
teinpenjfure chur.gev sVorri "^^O^F to the £as«5l^,>5i OisH chvitsgg^ 2, 1 dB and, 

;is i5 ix^oU> jH*^ Nk'i'i hn KVx .^r r,j,k> r*.»quir<*iBeiit cm ^t\lt he alier the knnpvT<Hur!f 
change Ssr'^!3(h r . will speeds. 6 dBm;snv.ru?sku-eaMhe 

tct^ipmture change^ n-om IQ'^t \o \ «(>'F. ihe irsssrtioa !<!S6 will changt^ by b dB md. as ;i 
mm\L the system bit error me foqmremem will stiil be jsatisfied even after the t«mp«ratuge 
chMge; 

llHi241 IkHvever. u is 16 be dpprecjatM that th& mBrgm iS not allocated to eaciJ 
sybcbanne! \n a fix^d manner, bat rather varies based oft tSbe expected change in 
xmpmrn^nts over time or siS impsirments v^iry fnm im& DSL installation io another. 
However, rhvU doiv'j p'ocludo ux' po^s ^ ^ <. rr - !. m \xsbchmmh can have the -sm^ 
margin s,«sgned ivs feivj For ovusjplc, suK-h.^nnci ^^sa^ hvV^o certain margin ns-«;5gjied 
h.iw-a -fT: a |Virnc*jlar i?n[<aifnie«u v^hiic an'-thc'- subch-usMcl iTu*y h-Ae &e ^sjtr. f;s.U5>iis 

JO cha»^es ^.o t ch tvi<^s\ulMri-^mi.ih"'<rt<-<v \on'-^i*"'n -^fcrj-^ Iv '>oi v. 
temperature chaogcji, line lengd^, radio frec|ueric> inicrtet^ncc and other ingrcs-ss^ m iht hke. 
As a re&tdt. for ftsstRpte, sins;* certain .sabchajitsels are not overly burdened with & mmtmn 
m.Kfg*!*, the Ovonill data rate of ih^ system c^tJ be increased wuhout saeriftdtsg the 

rot.!!L!s!:rs:e.5s55 of tl>e system,... 



wo (st^ftSm 



p<:TA!Sin.;o555 



camejrs fmm (> dB io 2, 1 dB, the channd dat^ rMs hm isiereased. Thss tncrease oa« occur 
wnhoul a ifs8.s of the !ffimi3«!ty to tsr^psiriiiwe vana?JOiis on tiic hnt smcc the lovv«?r 
fre^juencsc^ me susceptible to fempemttite chaRSics ^hm the Mgher rks^uesckf., in 
general, ihs? .^55 §tems and methods of thi< 3r)ventk>» can be adapteti to ^et a margin for any 
iu>p^5»r5T5«nJ fhat varies over ^ or t-* s«M,*1l$iUf>n ar>d nw, tof exi-tmpl^^. effect 

cfv^s'kJs^ioi, 'T<is*.ru>Ns!on A -icin is kn^nvfj «i.e jMsiy a portjun of the frequency sipectnnTt 
xuslt£e>l b> il><i di^cfcie snuUitosje mnUuMion system, then the nwgms can d^scre-ssed m 
iht cmitvi that ar*; kmmn 10 b« outsidsr the freqwency $peci;fvm of tht ttxjsstslkmg syMem, 
For example ISDN sysietias are m e\ats>ple of a crosst^k so«*re for ADSL j^j^temss, ISDN 
systems typically tratismit oniy up to appmsimstely ISOkHs:. ThiiSi, for exjimple, 
smpbyiag the t«raclu»gs of thjs mvent30i>, Cia^ers- above 150 klU can operate m lower 
margsriS ihm csmttK below ISOkHx ^vhere ISDbJ crosj^talk is j>r«s^et^t 

|iHi27J As another e\ampL^ H ^uh.u-i > i < K> ^.sr.sj iirp^wijng on 

ihe tength oJ the telephone v. u e Table 2 ^hovi. s k !iK)o»^\h<p o^ l^^<^g'r$um U'»s<; ot 
exemplary 9f)00 ft- 2^ A WO Ime ^ fre^a^aeses for 70^F sad n(f¥. 
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TAEIE Xt Insertion losa of W) ft 2^ Am^G Istta verj^u,^ frequencv at 70F and 1 20F 



|0«JJ!<S) t'on Tabk I and Table i^, it l« app<KonJ ttei an sncrcise in tn<:ert!on b-.^s 
OS foin"-,Kinjio -c I ~s doptsxds on the length of the k !cr-.< -'^..^ iHv '-,.s -stdl I hu -, or. t^.e 
c^vvsiH.ax s\ar<(\-i. 5<h SiClmr. a5i}"Ft£'mpMatJi\*.j!r;'; ^^-^uU^ .>\cr,y\M--^ v^nK , .\ 
JiMncs^-av ,\ ^s^vrux''; ^)5HK>'''^'s t' j\)o\ b-v i fcn^fcnciuc ^ h<i~-«c 
Ks\.heu in ii\ri>ij.'e 4.^ M sncrctse »n tnsertton Fo^f shss itJusJtsa^svc cK,imy,c< 



wo 



nrnrgm on tUo feuH!.-h.5«?5rK t\ \ arie<f Je^x ndtog o« tljc k ng$h ^}t ihe phi 'ue hfjt^ a.o 
example, li ih$ phone Ijne is shOfter, , *>J>i«i4 ft , the ravje margn^ ca« be dectx>me4 wi 
the siukhannt'K by 4 3-2,S^L5 compared lo k>ng<.r I ^,500 ft loop wuhour 
^sjcnficmg ?fmnun}ty to femisemtare chmiges or the phos>e hnt is j>o^&{ble hecsswi.tf & 
shorter phone Ijbc will mi expemsce as much of a change m inv.ert^oj> ios? due (o 
tettipeyatiue ch^£?«>e? »n a lunger phone Mm.. 

[^H>>>^ C.ru i V < ex sample, the nwf^)f5 1! h^Uo.lsks « MU^^.^ihieh takes 

H > » > - >i A -i)^ }snph ot the tek i^lu i. „ \x vU ^ \ >| 

ns^-s i'>ss sr\u \^ hea>7irhro 5OT\>f YkH , „ Uk tv^OO n o»e 

ihs i^thes ha«d, tjje ntsisjrtsoTt k>^s» dsffefsnce Jst^m WT $o i:JO'F ^jij ^OkH/ sv I 4 dB to? Jhc 
^,000 ft Urn ItierefOTe, for thK e>,emplacy ^mmioa, s nmgm of 2A dB v^o^jld be 
Allocated \q ih^ ^jwrter At 20 kH? 08> a J 3,500 fi hne whereas a matgm of i 4 <1B v>oul<i bf 
alhx^sted to ih« ^mmt &i 2Q kHz on She tt line, Tfje tmft^uft^^y to tcjn5>ej^iat^ 
■^anauons- on ihe Im^ ^on\d b« tht sams? for both lim systems opemmg as ft- im^l 
1 S\H5 ft \s <3t w«Jt the overall sysiem dat^ rate c;an be m!,Tea«;ed on shorter Um^ v^tthoiii 

|d(>30| 1 i|lui>tKHtv. u« exemplary embr>d<oient oi <unuitseamer mndem 100 In 

P«r?i4,uk»-, niuH(cari<.r modem lOOs»MBpn*~'-'^s <.<->n«reiKT UK o mervMv v(s <^ d^'^ietfetx* 
*nuUsk)n<i. f'xxiol^ioon iO, a d,^^ rate dcteniuocr 40, a s^igttai i^i oosse raoo dejcstmner 

3 marg Inesmtmr 60 xird a smxpn s^totage 7a all mUffcot>tiected bj Imk 5 Th^ 
mnUjc^er tiKHieni mi t& also connecieii tf> Ofie o? moje eomptiter or computer-type 
dcvjces 80 and addmojaal modems (not s»hrMiva) % m ^ommumsmom link 10 For eas<j of 
jUujsU tior5, tr^ mulucamer modem It^ has h^m dlustrated in block diagraai toftml widi 
okuv ^^t. ^. on fjunenis needed for rhee^cmplan embodtrJiiem of ihi& invention, Addttional 
ifitormatiort and jferthef discussion oi n| .-u^iojKUJ' nSuk\( o^fanexempfen 
miiltjcamer modet>* cai> be fo««d m uopeodtfi^' I ' S h'^tcnt Ai^i<liceitim S^h\ No, 
09/4S^,<vHeoo{k\i "Sphtterlevs Miiltic^ter Modem," incorpoiatoi herein by refcfeijce m 
:?ts etttirssty. 

fl^MI ^\hilc the cxemplajv eiiJt'HJdmteo^ jllui-jratevl m l^g, i sIjown the malt?caiTicr 
moiletB ItX) anJ v\^ftouiS comp onent« eollot ,^K'd, n to ,3pprcotHle^l iha \k ^ .e hhjs 
cOi^5p«.>nen{\ of the n>nfticsLme> miiilem <<m be feonroifod vifd kx jted tn vi * r n m- ,.f 



mu!iicarnef mtfdcm 100 can be locat*?d van«ufe Itx-ainm wjih^n a disfnhuKN^ noi:vifsrK, 
such as 3 POTS jjemork, or uthet oomp^hlc fe1ecomrny{iic^»c«>:fe «ct\%«rk 'O^u^;, tt $hmM 
he <3ppnici4te4 that the c<mipoi>ents of the m«Ujc^mei n^sxiem KK) caj^ he <.ombmed 
one device or di\tnh«iea among^c a plurahcv oJ devices;. As vvdt be spp?ecjate<i m>m ihe 
tolKmjsjg d^scjipfjaa. arjd for re^sonss of compstatk>asf ef^^<;^esc^ , the comps^neoi^ the 
BtisUscamer modem csft be arranged at am too^ijon y-nhm Ate!eeonHna«se®tiO«'> neh^etk 
aisd/of modem without aftcctmg ihs^ OfVisuos^i iho \>Men5 

(1)03::] the Uftks 5 and 10 cart t\ a u tcii o. a \^iivles» hnk m odKj knux'.Q t-r hni^t 
developed eicmeoKs) that capable «t supphmg cojnT«iJsiJs.atir3g«;lsi.Jf?>p{c dau to hSid 
Uom cosnectii*} demerits. Ad«lHi^wslly ih^ computer devjee 80, ca?s b<». for esasnple. ^ 
f erso«4il ^.^^nipufer ot ovher <le% sec In gcnmU the computer device SO can be ;uiy devjce 
iha u<^^.^ ^» m-iocni ts^ if&fSi^mit and/or receive d^a 

im example, '^avtx* o <>\i.sei<-iiJ Ht ^tvoi \m: vhiftge*; so ?hc signal to miBS ratio, 

chasjge^!, ^?r the tike ihe cnjjtroliej kX xn ooopeKHton '^ith the memocy 20, llie 
0 Vivso iTiuhitone medalattoa system 30 and U><< m^Mx dacnnjt>cr 60 can deientujse and 
i.f0JV" m<t)rg*««5 For example, m lUu&tsated abose m exempJaiy Tables \ dind 2, margms ca?i 
be di^tennsfted for remperatuis^ HuctiiuisiSfss aad the ksjgth of ihc wirs line bs^ved on, for 
cxampie, the actaal mmlktion and hiistoncal data- V%iihs?fmt>n;, TOihne& c^fi be established 
b\ ih« m^gsii determiner 60 to cv«hiate m6 eompile &tatjstica! mfojmaistJii relating to one 
Of ttiore «mer& For exaitjple, ihi* statf^ttea! tafoimauon ca^^ be conipilcti d^nn$ mud&m 
jdk tupet; sntv^^f^use tmpan meats seen o» the one or mort s^amers '^tAii^tK<5i 
i. ^ tn n 0 M ^^-^ ih^.i '^t ^i^^.d to dttemisni approprulo mmgm^ Uh ci\^ v'>f jpok v<s, \! > 

imiMI \h<irnm\ eh the modem ma> nvrtsute the Jkx,^e on ?he hne duiif^j^ jdic U0iev 
and JettwJt^e that a p'tftivUlar rvp*. of cto^&talkef, , another Afi^t or ffDSf. modem, 
r < < 'i . ^ I e s|:n;t,ir.x! io\5itr«f of these t\nv»«? i^f <.io^Si»talkers arc \ \ <s n 'h s < -JoctMoan 
n?'^eu <o oa^'u-nMsnoUvnurgm, |orex.iftlpls', if?heCfOSStaIk..i s sn \ l .s ADSL 



niiUcm ihi?! t iSs kno^'o that ^TU*R mo<?s?sm rramaiU a|>pr<vx?m. tch m the wiVHt) 
kH.' fa 'T'l IS srtioyifjiauo!? ^"ai' be to i-^ek»rmme &o m fot the vv)m<'<4. in ife;? v^) 

1083^] Di^Hag tfSJ tang dit moUiearjia mcsden lOfX the ^^VH deter?n n«r 50« in 
^\->^xfaKn \^ iih tHf >.<i^«troHef 10 ih'^ ^j^cha^' v ^0 fu" l>MT vastest 30, tlelemyjics rhe 

no vvHjo wn(f the hit wf* m<\ TUmm 4m» me reHe^t^ tfe rate of earner*, wuh si) 

the d<ita ate i^ gmcraHy governed by a tfeat i$, im example gUsU-ante^d 
.^s a m.»\im©«i hy a DSL jjmvKler Tfierefoiifs ba^sd on the vet bst error ate, tlie signal to 

K ^ v*. '^'^ thi. -^1 sv i)s isc ! H ^ ^ m M .'in 'o' c isnc \ CvWJ b<» fee?, for 
!.x.<w^1e, b !S one ^->no<; <> rroift si no\ ^.>'■ar J titt'i or Jetonnued < n m^i 
1- Of exv ov\ in ens. co o ^n<i o.in bo bas<.-«i on the lt>i)p kn<^;iK A dei on^v ^ n\ n ^ (\m 

he d m nloadsd irora the $ v see pro> sder Mm 8ai?v«ly, fot example, the swgifts can be 
fejE*! ba^ed o hjstoncal data th&i s;late«^ to, for «,\ampl«, jmpairrnerst: oa the hm hi ^enerat 
'^f "^nta s l-^ sci ^uch that ^ baUncc hetw?efi the data rate; and the impatrji^fiftt 

.usinvunstv ss ijiiixsnwaea. 

i ^ iC DN" \ ' v^te>)^ Ihe RMsstns i.^n ibva si»bir.H fed from itje <,^rr or to Jelt. syjhv >si 



lipcktf d d<5ta fsfi? tor each cmnct Havmg 'sei nwgm?, and ki5o^^ tng th<5? <.Hu rate- ihe 

1094 1 1 In step S 1 ih^ mrngtm are Jeternamed Ntored Control toi eoMjaue?^ k 

Ni ^ u(> I f , vs u s vs c J camera is detejais'^oJ oawx- oj> sho sssgn^u t > ? ot^t. fs? o 
K 1 } .on f a>e N^x s>! stt<p SI 50, the jmr^ms for th^ cmim asrretjsevesi CoMrol 

tn S the «uigmv tor iht: e^ers ;drc ^«t ^&\L iS U&p Si70. tfj© sif)ajrgja<> 
«iuVr vH ^ -ii i a" i..!rne*\ joUetermiW m updates^ d;Ata rassi for eacb earner Contol 

|^K>44f In S1S*\ t-omTmmswtsoris cm^^wisc^, 0>Mrol csmhimc^ to i.tep Sl*>0 

lOMSl Howver. jt i& to i?e appreciated th&t the steps* tn Fig, 2 t>eed nm occur m the 
order jllu&crated Fot s%mnp)^ &t M\y pomi tn tev there f o<sl< K" opuo'^ ta {r-dete?mine 
thsrar^mv Sim«?ar1>'. based oa, for <?\ in>pl<^ {he urae oHIk' J \ Ji-^ ligation motms, 
vo^i^ji V ! !v i N.Hrectjve, ^ chanj-'r * n '^t serifs.*; rci|Uifv ^ ? u ho'iKe, ih« 
li !5<>«iN I Xil IK . ^uK^ed Akem.i s nth e^im,l.^<>^n■^iO >0 5V 

<<*vp! v\<5 H;m>« h,sun u mo ^Uvv^M^^S i~x^'^ nii.i^-'nsvx i 
m<. ^^\^r^tt<^ s5s x!5sc }>;n3!MuU<«>oi Jn« itaia i^c<f 'te(> S54CKoijiv3 nxpjN'^oJ i.^ it n 
n t}m the t^m dat^ %vjil mt fee m^4 

i-mih^mots. d)c ^> j^tems* ami methods ol this mvenuon <siso 4ppl> io 
'fvk ' ^\ ^*^2 1 ? arid rXM ihperk^o Ht^^rtdards ujtdevs acv^ess s.vst«nfe, home and 



|984?1 A: {]!u)5trared ?n fjg 1, the mult earner rtK^dem ,i.nd lel^ted c«'rt>}.t> ca« be 
impiemer^ied Either on a DSL modem, or a Nepsrate |, mgrars |,<;neuJ poifx^Ne compuler 
hs% Ci>mmuj5jc^t!<: dcvtcc H^x^ex er, the muUicmsjei j-^s^fs^ aKo he 

jmpkms»fsi.t^d m a ^pvcul purpose cos iputer, a ^to^SiM ted »iiciv*p«oce$sot 
p^K a {^nroHo" i vi.^ I ^npheral 5rjt«;gr^ied arcmi ekmssnt, asd ASIC or sfeer sjilsgrakd 

.jfimle^Jaiv ukIm^^x * > ^ m * u u i ^ir il^<\ !? f s; 

2 can be n^cd smfJe dn n «U> <'incj nnxlcm M'^S' vUtwosv ^^^^"^ ' xo^).u^n 

|OMS| Fufthejnmor?, a divcl^^ibed method may he ts^diiy mspif^mented m M>(i%\SLre ussng 
object Of <5b|*.et~otieMad software d«\dop«ien? eftvtrc meat il^at pro\idc\ portable -^oya^e 
uitle &at c^a be a'ed m a vmeiy of wn^puten. x^orkstatjot or modcaii haAi\%ate 
plaifomis Ahtfmat vely, the diatio^oJ i««detB be jit^letfieated pamal!) ivr taB> m 
hsrdw^e usmg Ntodard ]o»»c o^rcmfc, or a VI SI design Other \< ftware « I ar^Jv^ ^xre % K 
u*5edtOim|^1em&nHhes\vt (MMft daiee w ththi';5?ivenuondepeTsd"»>,i: t i. ^ 
>-\i'or oU o«avy n^qmifm^tus >t vhi s^sica^s the pan'ciilar fimc?<on, v^HsI [-mi, > 

<ih<l»'ar \oftv>-are h) ihms ol ordtnsry vkjil w the ^pphciible art from th>i {uuctional 
des»m|3Uos pwtded hersm m6 mth a genml ba ^ c kaowkdge of the compete md 

[(HW| SJov'f^i't ,hcdiscl!>wi m<.Mh-vjso*ikbn,Mo<idi5 a x-^U ocs! o<5 -^^ sot c 

5RK <.'s\iH 1 I ; >^ < !.f ^ SUMS ^.i, jpsT'i ' « Ik^ ifUK>^v <^t<.ns.e^, 

n siv ■> \uJ-i ^ r"> -i^ in x.k, nhv iKe Osv nuJf <.sU-!SOf ih Im> v!S>o&- 
n pen\fii\i^^ > '(Ni k >iXv -"lo < o!'» the ^vvivsn Aiid me h^io >o j k% Ra'^d^f 
^aiUvvK f \k*m s« .is a harslvx aa and M^tnx .jrt* w *.tooi .^tj m*h<cs«, ^ St as \l>isL 



|(^05O| l{ jhersrtore, vi|'|Mf«.o{ that tkejc bds« be«s pto^idetl m ACKurd^mcs: ^Nith the 
pmsftnJ insesikis?, sysfe;B)>5 Mid m&thoih for assig5>i«g nw^bs to Qsxrku. WKiJ*; ihis 
jjivcnuon ha<; been descrilsffd m conjuficrioo mtk 8 mmiljer of ?f^ibtxJjm«ms, it ^viOent 
ih&t many aUemthes, mo<fiilcafioas and varksJons wuuM he at are apparem to ti\o?e 
osxlin&ry skill m th*; applicable art Accor&gly, ApplicsiTij^j tnlemi k> entbrac^ all ^uch 
alternatives, modiftcstions, s-qymfents and varj^tions that ate %vUhm ih<? spirit at>d the 



wo 



Wto IS Claimed m 

iesig^n. r^un^* iK*MW«?ncv mterjercnce, a bu error ?»t<% s vJgnal to ro>nc uu>o, a \ca^<>«jij 
chvjst^jjs. 5sUttsta>3l mlom^atjoa, urns mfomntim. day infon«a?tos and data me mtctm&ihin 

4 Th<. system of cbsm X vvherem thi, average mjirgin J6 <ippiie^ equ&lly {o a 
portion tit tht phwihi^ ^sbchaassfk 

5 rt^e s,ysjem of claim i* tusxhcrcompnssitJg a nwgin deteiminei ihat 

b Jtif. s\ stojb of claim i , further ci>mpri%HSg a nj&fgin stomge dtjvice that sstofi^v 

a pjumhty ot subch^els; aad 
v\ u >Kv «4 rswgjm, whereta one oNhe plurahtv of j«aiBf»s as^jgntd to 
lev^st ot plujality of sufechannds, 

8 The s^sttJTJ of ckitn wheys&it? \he pim^tty of niatgjM am bastsd on at Jeas^i 
<-^i?e c3 chsiSf ei. m the leveK of a emsSitalk, iffipaKe ro^n©* temjperature changeK, wsre hm 
Xsn^ih r^<^!o fre^iiescy mterfereoce, a bit Qrrm m\^^ a s^ignal to noHci rmo. a Ss^sasoOvU 
cbs^nge, stati&tjc^^l infomiiaMoa, time informatiou, day snlonTjatiort md ^At& rate mformatton 
^ The ^^j'^^kBi £*f dajm 7. v^hereift the plurality of margmv kasr '^ne <-»f m 

dstemMnes; at leas? »e mar gls>. 



12 1*he (^ystm of ckim 7, ftirtber e«mpfismg «i margin Moui^c do^ see Uiai jttotcv 

\mc o\er a phjr»i1ny of suhchamels*^ v^herem at k<asjt ojse m^rgm ba^od 00 a Ictxph ot ihs 
w?re 1i«e 1-5 assigned to a? least ow otiht plurMiP) oi 'mhdrnin&h. 

I ^ TIsc >v st<- sr i f V toU'^ ^\ hcH J M V vU kv^Nl ^ j »! (\ K seOi o^^ <h i<;.5sJ 

of <3s^ .5^ v-fisge margin " l suK n^nacl s^ttaiii: ffiafgm. 

1 6 The v«>&tem ot i.kim 15, whertfis Sh« average m^igsfi is^ «qiiall> to a 

fX>fUO« at' the piuralii)' of sebchATjnels 

] ? The system of clasm I .\ further comiJFJsmg s margm deteiTnjTJttJ ihat 
dst«rffijsfes atkasi ojie mrgav. 

5 ^ Tljsf \y!stcm of claim 1 3, fuftiter compasmg a m^rgm 'ssor&ge dov kx thas 
mores at least iM« marpSi ; 

«»fifecha^md*;^ x% herein at leasl Hvo siibeharjTtek have a different m<argm 

20 \ iu ^ stem of clam 1% is herein the mar^m ?s te^e^l on ik£ fea&i; one 

; ' 1 he sv^tom o*" <-la3i^> l'^, wh^srssm ihg i^argmN ai« le^f une of an average 
«(s<i!.>>0j. lad 1 subcha««e1 sp*.c?ne i«afgsn 

11t«f system of claxm 2Uv> hcmu average nmgtn 1% appUesJ equally to & 
pmxtmn m the; at least two subchsirnek; 

"^3, ^^i mformmKm istorage media eompfjsmg margin taformauon for a 
muht4,amer modtiktson system ha^tjig a plurahty of subchannels^, vvhsiretn at ieast m» 
S!i3hcfea??8els have a d^tferen* margin. 



wo «ii/M5l« 



24 A mcLlhsu ct^ivim Ui^> sfUiitu^^mcr Tm>di3k$s<m vt'tstm^fu^ itiOf o>\8s >.i 

M 5eas{ iwo dsfle'senl margins 

25 1 he method of cUm 24, wheiom tht M kas>t s« o m^pnv are ba^jeii ca 

}m<i ftngfh, tddm frsqntm.} 3iaer"eiosii.c- 4 s"^o* i^it vt|;i}x^l no«\e rstso, u s>ea60na1 

I he ms^l k\) tjf chim Z4, turihcr v on pnvsji^* J«,k niunuijj L. o?k n a 
2"^ 1 he method uf cU^m 24. further compmmg stonrig itt !i.^fet (.use ir-dtpx 
30 A mtflhod fei msKican sei moduktioii communj^^joo over a pjursbts o* 

sclsctmg ** \eeo?id Tjurnber of the s>ubch*taaeK. ^siui 

as^NiPTJinf x> i.e^'^nd jyiargjn to the s<^o?Ki tJUTrtber of ^ab^;^a«^^5^?5s^ tvhetvm tte 
f?ist u n i>-id >c s<.^cO'k1 n <i^m a i o-e 

"i. i>p K h ? <>i K,\ n ^0 Ni^nuiMn iniSiHs sa- K ^e \ on ?> I < < 

C Trie sk^hod cUm Vi whwft &o fDsirgjON ^t los*st onv, 4 ac$ a¥«;r4^>e 

^ ^ 1 he methtK^ of t kutt '^^ v. h«.*rem the <iveT<sge m,»^ai xfpiKu t^"* 
i o o'- >^ ihct *be tsm o^- NCv'O Mi immx><'\ oj nyhcb^tinels. 

M tht method ol clmn M\ tm ihet cotnpmK&g a nmgni d€\mmmi that 

f hv -'>e>htxi of <. Uim fynher um^postnj. & mirgu* storage Jevsce thai 
-lOK^ H tasx OlO suj^m 



^ plur,5i3*v o^^i bi.\mxt<'K whf-ictn di Kixi ono ourguj <>« a length jK' ^if< tsne 
^sssj^ned <ii ka&t urn. ut the pliu^lnv or st»bchattne1 

3"? The mstl <>d at dmm 36^ whem« ih« di l«s«sst oae Kiaipa ba^ed oi^ at k»< st 
on;e ot eli<«iigefe m the fc\ef^ of a crosstalk, jmpuht? umse, t«jmp!i^4t^re change^^, rsdjo 
taqiscKC} mt«-rtefeooe, a bjt err^si tate, a ^^g \Si.i to miii* rasox a s«a\otial «.hv%«)ge, suu^^tsc^^l 
t tformaijon, tjme jsitofmauon, day mtomtatioaajid data ?ate mfor natmn 

4 L msxdiod oi ci»\m ^f>, fimher pompnwsg « margj viorage de^ see dut 

stoms at: least m>emargja 

42 A n-^thod for co umumca? ng m a mutocamer mi dwiauon comn ^3«K^ua^ § 
uv^ it^H Jun n^: as K'Asst vm eK. whcfSift at lea^t two oi ihe at k^ttwo 

s«bete«e1s ha^^e a di tfesej^t marg lis , 

4 ^ 'R?<? method of clmm 42^ wheTem ihs; margsas mi based on least oae of 

44 Hi] 1 ; Sj. , „ -is.iS 5k<i-tii t: 'iv?>a^<. ai\* 

$T Iff- V \1 ' ^^ '-k ^ i i ! ' i i 

4-^ f .^!Oih>\i o5 1 U'ilJ - ^ \?thi\< tn th<> a\ --rag' rriargm ^ppUed vi^iiur) io a 
fMMjon the at lm« rwo «st3i>ch4a >el§. 
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